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Prikaz uporabnosti podatkov iz registra BioRx.si za spremljanje učinkovitosti (hipotezi 1A 
in 1B) in varnosti (hipoteza 2) bioloških zdravil (bDMARD), ki jih uporabljamo za 
zdravljenje revmatskih bolezni.  
Hipoteze 
1A. Pri bolnikih z revmatoidnim artritisom (RA), pri katerih je prvi zaviralec dejavnika 
tumorske nekroze (TNFi) odpovedal zaradi neučinkovitosti ali ne prenašanja, je preživetje 
naslednjega bDMARD odvisno od mehanizma njegovega delovanja.  
1B. Pri bolnikih z RA, ankilozirajočim spondilitisom (AS) in psoriatičnim artritisom (PsA) 
ni razlik v preživetju med različnimi TNFi, npr. golimumaba v primerjavi z ostalimi TNFi 
(oTNFi).  
2. Presejanje latentne okužbe z M. tuberculosis (LTBI) pri bolnikih z RA, AS in PsA pred 
začetkom zdravljenja s TNFi slovenski revmatologi izvajamo v dveh korakih. Prvi korak 
vključuje anamnezo, tuberkulinski kožni test in pregledno rentgensko sliko prsnih organov. 
V primeru odklonov v prvem koraku, opravi drugi korak pulmolog, ki po svoji presoji 
naroči dodatne preiskave in predpiše kemoprofilakso TB. Ta pristop zagotavlja primerljivo 
nizko pojavnost tuberkuloze pri bolnikih, izpostavljenih TNFi, kot je opisano v dostopni 
literaturi. 
Zasnova raziskave, metode in preiskovanci 
Vsi slovenski revmatologi preko spletnega vmesnika prispevajo podatke v nacionalni 
register BioRx.si. Podatke o učinkovitosti in varnosti bDMARD zbiramo od leta 2008 za 
RA, od leta 2010 pa tudi za AS in PsA. V raziskovalne namene lahko podatke iz registra 
analiziramo na različne načine. 
Pri vseh analizah smo za opredelitev trenutno preučevane skupine bolnikov uporabili 
ustrezne opisne statistične metode. Za preučevanje hipotez 1A in 1B smo ocenjevali 
preživetje bDMARD, ki je sestavljeni kazalec učinkovitosti in varnosti zdravila, z 
metodami po Kaplan Meierju in Coxu. Za preverbo hipoteze 2 smo pojavnostno stopnjo 
TB (TB IR) izračunali upoštevaje Poissonovo razporeditev. Za določitev po starosti in 
spolu standardizirane TB IR smo uporabili neposredno metodo standardizacije. Standardno 
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populacijo je predstavljala slovenska populacija, razdeljena po spolu v 5 letna starostna 
obdobja. Izračunali smo tudi standardizirano pojavnostno stopnjo (SIR) v primerjavi s 
splošno slovensko populacijo.  
Rezultati 
1A. 238/688 bolnikov, ki so kot prvi bDMARD prejeli TNFi, smo po prekinitvi zdravljenja 
z njim zdravili z drugim bDMARD: 130 drug TNFi in 108 rituksimab (31,5%) ali 
tocilizumab (68,5%) (ne-TNFi). Aktivnost bolezni pred začetkom zdravljenja z drugim 
bDMARD in prekinitev zdravljenja s prvim TNFi zaradi izostanka ali izgube učinkovitosti 
sta bila prepoznana kot možna dejavnika pristranosti. Zdravljenje z ne-TNFi je bilo imelo 
statistično pomembno prednost pred zdravljenjem z drugim TNFi (test log rank, p=0,000). 
Prednost se je ohranila tudi po analizi, ki je upoštevala učinke možnih dejavnikov 
pristranosti v z inverznimi verjetnostmi obteženemu Coxovemu modelu (HR 4,39; 95% CI 
2,62–8,01, p <0,001).  
1B. Med 7 letnim opazovanjem je 24 slovenskih revmatologov iz 8 centrov prispevalo 
podatke za 368 bolnikov izpostavljenih golimumabu 849 bolnik let (BL), in 1.654 
bolnikov, izpostavljenih ostalim TNFi (oTNFi) 3.321 BL. Dve leti od začetka zdravljenja 
se deleži bolnikov, ki so še prejemali golimumab ali oTNFi niso bistveno razlikovali: pri 
RA 53% proti 47%, pri AS 67% proti 65%, in pri PsA 59% proti 59%. Surova in 
prilagojena razmerja tveganj za prekinitev zdravljenja z golimumabom se niso pomembno 
razlikovala med za bDMARD-naivnimi in -izkušenimi bolniki ne glede na indikacijo. 
Nasprotno so bila surova in prilagojena razmerja tveganj za prekinitev zdravljenja v 
skupini bDMARD-izkušenih bolnikov z AS in PsA, zdravljenih z oTNFi, pomembno 
zvečana. 
2. Med 2.429 bolniki, izpostavljenimi vsaj enemu TNFi, skupno 10.445 (49% RA, 33% 
AS, and 18% PsA) bolnik let (BL), jih je 99% zaključilo presejanje za latentno okužbo z 
M. tuberculosis, 6% jih je prejelo kemoprofilakso TB. Šest bolnikov z RA (3 adalimumab, 
3 certolizumab), 2 s PsA (2 golimumab) in 0 z AS je zbolelo s TB. 5/8 je imelo miliarno 
TB, 3/8 pljučno TB, 2 bolnika sta umrla. Po starosti in spolu standardizirane TB IR (95% 
CI) na 100.000 BL/SIR (95% CI), v primerjavi s splošno slovensko populacijo za trenutno 
izpostavljenost TNFi, so bile za celotno kohorto 52 (0–110)/6,7 (0,6–80), za RA 47 (0–





1A. Ne glede na razlog za odpoved prvega TNFi, je drugi TNFi odpovedal prej kot ne-
TNFi.  
1B. Preživetje golimumaba pri bolnikih z RA, AS in PsA v Sloveniji je bilo primerljivo z 
njegovim preživetjem v bogatejših zahodno evropskih državah. Opazili smo tudi, da je 
imel v primerjavi z oTNFi, golimumab boljše preživetje pri za bDMARD-izkušenih 
bolnikih z AS in PsA. 
2. TB IR pri slovenskih bolnikih z RA, AS in PsA, zdravljenih s TNFi, je bila primerljiva s 
TB IR v za TB ne-endemskih državah, čeprav je kemoprofilakso TB prejela manj kot 
desetina bolnikov.  
  







To demonstrate the usefulness of the BioRx.si registry for monitoring effectiveness 
(hypotheses 1A and 1B) and safety (hypothesis 2) of biological disease modifying anti-
rheumatic drugs (bDMARDs) used for treating rheumatic diseases. 
Hypotheses 
1A. In patients with rheumatoid arthritis (RA) who failed treatment with first tumor 
necrosis factor inhibitor (TNFi) due to ineffectiveness or intolerance, the survival of the 
subsequent bDMARD depends on its mechanism of action.  
1B. In patients RA, ankylosing spondylitis (AS) and psoriatic arthritis (PsA) there is no 
difference in the persistence of one TNFi, i.e., golimumab, when compared to other TNFis 
(oTNFi).  
2. Two-step national screening for latent tuberculosis (TB) infection (LTBI) in patients 
with RA, AS and PsA treated with TNFis, which in the first step includes medical history, 
tuberculin skin test (TST), chest X-ray and, in the event of pathological findings in the first 
step, of the examination at a pulmonologist, who, if necessary, orders additional tests and 
prescribes TB chemoprophylaxis, ensures a comparably small incidence of infection with 
mycobacteria tuberculosis in this group of patients, as is described in the available 
literature. 
Study concept, methodology, subjects 
All Slovenian rheumatologists contribute data to the Slovenian national registry BioRx.si 
on-line. Effectiveness and safety data have been collected for RA since 2008, and for AS 
and PsA since 2010. For research purposes, data from the registry can be accessed using 
various parameters and can then be statistically analyzed. 
In all analyses we used appropriate descriptive statistical methods to characterize the 
currently studied groups of patients. In the analyses pertaining to hypotheses 1A and 1B 
we assessed the persistence of bDMARDs, a composite marker of effectiveness, and 
safety, using the Kaplan-Meier and Cox methods. To test hypothesis 2, we assumed 
Poisson distribution to determine the TB IR. We determined the age and sex standardized 
TB IR using the direct method of standardization, with the Slovenian general population 
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divided by sex into 5-year brackets as the standard population. Additionally, we estimated 
the standardized TB IR (SIR) in comparison with the general Slovenian population.  
Results 
1A. Two hundred thirty-eight out of 688 patients who received a TNFi as the first 
bDMARD were switched to another bDMARD by December 2012: 130 to a second TNFi 
and 108 to either rituximab (31.5%) or tocilizumab (68.5%) (non-TNFi). Disease activity 
at starting the second bDMARD and stopping the first TNFi due to either lack or loss of 
effectiveness were identified as potential confounders. There appeared to be a statistically 
significant retention advantage of the non-TNFi over the second TNFi (log rank test, 
p=0.000). This advantage was retained even after adjusting for measured confounders 
using the inverse probability-weighted Cox model (hazard ratio (HR) 4.39; 95% CI 2.62–
8.01, p<0.001).  
1B. During the 8-year observation period, from 1 January 2010 to 31 July 2018, 24 
Slovenian rheumatologists from eight centers contributed data on 368, and 1654 patients 
treated for 849, and 3321 person-years with golimumab and oTNFis, respectively. The 
overall proportions of RA, AS and PsA patients being persistent on golimumab vs. oTNFis 
at 2 years after starting the therapy did not differ significantly and were 53%, 67% and 
59% vs. 47%, 65% and 59%, respectively. The crude and adjusted hazard ratios for 
golimumab discontinuation did not differ significantly between bDMARD-naïve and 
bDMARD-experienced patients for any of the indications. In contrast, bDMARD-
experienced AS and PsA patients treated with oTNFis were significantly more likely to 
discontinue treatment.  
2. Among the 2429 patients exposed to at least one TNFi for a total of 10,445 (49% RA, 
33% AS and 18% PsA) person-years (PY), 99% completed LTBI screening and 6% 
required TB chemoprophylaxis. Six RA (three adalimumab, three certolizumab), two PsA 
(two golimumab) and zero AS patients developed TB. Five out of eight had miliary TB, 
three out of eight had pulmonary TB and two patients died. The age-standardized and sex-
standardized TB IR (95% CI) per 100,000 PYs/SIRs (95% CI) compared with the general 
Slovenian population for the current TNFi exposure were 52 (0–110)/6.7 (0.6–80), 47 (0–





1A. In RA patients that discontinued treatment with the first TNFi due to ineffectiveness or 
side effects, the persistence of the second bDMARD was better if a non-TNFi agent, rather 
than a second TNFi was used.  
1B. The persistence of golimumab in patients with RA, AS, and PsA in Slovenia was 
comparable with its persistence in more affluent Western European countries. We observed 
a better persistence of golimumab compared to other TNFis in bDMARD-experienced AS 
and PsA patients.  
2. The TB IR in the Slovenian RA, AS, and PsA patients treated with TNFi was 
comparable to TB IRs in TB non-endemic countries with less than a tenth of the patients 
requiring TB chemoprophylaxis.  
  





Predstavitev hipotez  
Uvod 
V zadnjih dveh desetletjih so biološka zdravila, ki spremenijo potek revmatskih bolezni 
(bDMARD), pomembno izboljšala izide zdravljenja za bolnike z različnimi kroničnimi 
vnetnimi revmatskimi boleznimi. Kratkoročno učinkovitost in varnost bDMARD so 
dokazali v skrbno načrtovanih in izvedenih randomiziranih, s placebom nadzorovanih 
dvojno slepih kliničnih raziskavah (RKR). Notranja verodostojnost RKR je trdna tudi na 
račun njihove zunanje verodostojnosti. V RKR za zdravljenje RA z bDMARD bi, zaradi 
strogih vključitvenih in izključitvenih meril, lahko vključili manj kot 10% bolnikov z RA, 
ki jih s temi zdravili zdravimo v klinični praksi [1]. Druga pomembna slabost RKR je 
njihovo omejeno trajanje, zaradi česar je možno spregledati redke, a klinično pomembne, 
neželene učinke zdravil. RKR tako ne morejo podati odgovorov na vprašanja o dolgoročni 
varnosti in učinkovitosti bDMARD za bolnike, s katerimi se srečujemo v klinični praksi. 
Zaradi omenjenih pomanjkljivosti RKR so razvili longitudinalne opazovalne raziskave, ki 
omogočajo časovno neomejeno spremljanje vseh bolnikov, izpostavljenih bDMARD, in 
analize dolgoročne varnosti in učinkovitosti bDMARD. Po svoji naravi so opazovalne 
raziskave podvržene nerednemu in nepopolnemu vzorčenju ter pristranostim, kar pogosto 
predstavlja izzive pri analizi in zaključkih.  
Register BioRx.si, ki smo ga razvili in začeli uporabljati leta 2008, je pravzaprav 
longitudinalna opazovalna raziskava, ki omogoča retrospektivne analize prospektivno 
zbranih podatkov o učinkovitosti in varnosti bDMARD pri bolnikih z RA, ankilozirajočim 
spondilitisom (AS) in psoriatičnim artritisom (PsA). 
Namen te doktorske naloge je prikazati vrednost registra BioRx.si za primerjalne analize 
učinkovitosti in varnosti bDMARD na podlagi dveh hipotez, ki preverjata učinkovitost 
bDMARD in ene hipoteze, ki ocenjuje varnost bDMARD. 
Hipoteze in njihova utemeljitev 
1A. Pri bolnikih z revmatoidnim artritisom (RA), pri katerih je prvi zaviralec dejavnika 
tumorske nekroze (TNFi) odpovedal zaradi neučinkovitosti ali ne prenašanja, je preživetje 
naslednjega bDMARD odvisno od mehanizma njegovega delovanja.  
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Pri bolnikih z RA, pri katerih konvencionalni sintezni DMARD niso dovolj učinkoviti, kot 
prvo bDMARD še vedno najpogosteje uporabimo TNFi. TNFi niso učinkoviti pri vseh 
bolnikih, pri nekaterih se njihov učinek sčasoma izgubi ali pa je zdravljenje z njimi 
potrebno prekiniti zaradi neželenih učinkov. Smernice EULAR za zdravljenje RA pri 
bolnikih, ki so prekinili zdravljenje s prvim TNFi zaradi neučinkovitosti ali neprenašanja, 
ne opredelijo optimalne izbire naslednjega bDMARD – ali je bolje poskusiti še z enim 
TNFi ali izbrati bDMARD z drugačnim mehanizmom delovanja, npr. abatacept, 
rituksimab, ali tocilizmab (ne-TNFi) [2] Medtem, ko imamo trdne dokaze iz RKR, da sta 
tako prehod na drug TNFi, kot na ne-TNF učinkovita in varna [3–7], ni RKR, ki bi 
neposredno primerjale strategije prehoda na TNFi ali ne-TNFi. Metaanalize opazovalnih 
raziskav o prehodih med različnimi TNFis so zaključile, da: (a) je prehod na drug TNFi 
klinično upravičen, (b) je pričakovati nekoliko boljši odziv, če je bil predhodni TNFi 
ukinjen zaradi neželenega dogodka, (c) je verjetnost za odziv in povprečna velikost odziva 
z vsakim naslednjim TNFi manjši [8,9]. Opazovalne raziskave, ki so primerjale prehod na 
drug TNFi ali ne-TNFi pri bolnikih, ki so prekinili zdravljenje s TNFi, so bile redke in niso 
dale jasnih odgovorov [10–16]. Naš cilj je bil preučiti preživetje drugega bDMARD pri 
bolnikih, ki so prekinili zdravljenje s prvim TNFi, v kohorti bolnikov z RA zbrani v 
BioRx.si. 
1B. Pri bolnikih RA, AS in PsA ni razlike v preživetju med različnimi TNFi, na primer 
golimumaba, v primerjavi z ostalimi TNF.  
Golimumab je eden od petih TNFi, ki jih uporabljamo za zdravljenje RA, AS in PsA. Je 
primerljivo učinkovit in varen kot ostali TNFi (oTNFi). Ponaša se z najdaljšim odmernim 
intervalom med TNFi, ki jih apliciramo podkožno [17–21]. Pet letno preživetje 
golimumaba v odprtih podaljšanjih RKR je bilo pri bolnikih z RA 60%, pri tistih z AS 
72% in tistih s PsA 69% [22]. Preživetje golimumaba pri RA, AS in PsA je bilo v 
opazovalnih raziskavah manjše kot v odprtih podaljšanjih RKR [23–27]. Le ena 
opazovalna raziskava je vključevala primerjalno skupino bolnikov, ki so se zdravili z 
oTNFi ali drugimi bDMARD [27]. Poleg tega večina teh opažanj izvira iz registrov v 
državah z visokimi dohodki in jih zaradi razlik v dostopnosti bDMARD, različnih omejitev 
predpisovanja in povračil, verjetno ni mogoče prenesti na srednjeevropske države z nižjimi 
dohodki kot je Slovenija [28]. Cilj naše raziskave je bila ocena preživetja golimumaba v 
primerjavi s preživetjem oTNFi pri bolnikih z RA, AS in PsA v srednjeevropski članici 
Evropske unije Sloveniji.  
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2. Presejanje latentne okužbe z M. tuberculosis (LTBI) pri bolnikih z RA, AS in PsA pred 
začetkom zdravljenja s TNFi slovenski revmatologi izvajamo v dveh korakih. Prvi korak 
vključuje anamnezo, tuberkulinski kožni test in pregledno rentgensko sliko prsnih organov. 
V primeru odklonov v prvem koraku, opravi drugi korak pulmolog, ki po svoji presoji 
naroči dodatne preiskave in predpiše kemoprofilakso TB. Ta pristop zagotavlja primerljivo 
nizko pojavnost tuberkuloze pri bolnikih izpostavljenih TNFi kot je opisano v dostopni 
literaturi. 
TNFi, s katerimi pogosto zdravimo RA, AS in PsA, pomembno zvečajo tveganje za TB, 
zlasti pri bolnikih z LTBI, tako v klinični praksi kot v RKR [29,30]. To tveganje je mogoče 
zmanjšati, ni pa se mu moč popolnoma izogniti, če pred začetkom zdravljenja s TNFi 
opravimo presejanje za latentno TB in bolnikom po potrebi predpišemo kemoprofilakso 
TB [31]. 
Nedavna metaanaliza RKR je pokazala, da TNFi podvojijo tveganje za TB [30]. V RKR, 
ki imajo omejeno trajanje, je lahko pojavnost TB podcenjena, zato večina podatkov o 
pojavnosti TB izvira iz opazovalnih raziskav in odprtih podaljšanj RKR. Po tem, ko so 
spoznali kako pomembno je presejanje latentne TB, se v različnih raziskavah pojavnost TB 
giblje od 15 do 780 na 100.000 bolnik-let (BL), kar je 12–35-krat več kot v izvornih 
splošnih populacijah in 2–29-krat več kot pri bolnikih, ki niso bili izpostavljeni TNFi [32–
40]. Največ je podatkov iz kohort bolnikov z RA, zdravljenih z infliksimabom, 
adalimumabom in etanerceptom. Podatki o golimumabu in certolizumabu so skopi [41,42]. 
Primerljivost pojavnosti TB med različnimi raziskavami ovira več dejavnikov. Pojavnost je 
večja: (a) v področjih, kjer je TB endemična, (b) pri bolnikih z RA, čeprav niso bili 
zdravljeni z bDMARD in (c) pri tistih, ki jih hkrati zdravimo s TNFi in konvencionalnimi 
sinteznimi DMARD [41]. Poleg tega v večini raziskav podatki o presejanju za latentno TB 
in kemoprofilaksi TB niso podrobni. Priporočila za presejanje latentne TB in 
kemoprofilakso se razlikujejo in lahko vplivajo na pojavnost TB.  
Običajno presejanje latentne TB vključuje anamnezo izpostavljenosti TB, tuberkulinski 
kožni test (TST) ali teste sproščanja interferona-γ (IGRA) in pregledno slikanje prsnih 
organov. Odkar so na voljo testi IGRA, na primer Quantiferon TB Gold (QTB), veliko 
cenejši TST izgublja privržence. Razlogov je več: (a) težave z razpoložljivostjo Bacillus 
Calmette – Guérin (BCG), (b) bolnik mora zdravnika obiskati dvakrat, (c) težave z 
interpretacijo, zlasti v populaciji precepljeni z BCG, kar lahko zaradi velike občutljivosti 
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testa privede do prepogostega predpisovanja kemoprofilakse TB. Nedavna metaanaliza, ni 
pokazala razlik v uporabnosti TST in IGRA [42]. V nedavni raziskavi se je izkazalo, da je 
TST za presejanje latentne TB cenejši kot QTB, vendar povezan z 20% bolj pogostim 
predpisom kemoprofilakse TB [43]. 
Epidemiološki vpliv TNFi na pojavnost TB v Sloveniji ni znan. Naš cilj je bil določiti 
pojavnost TB med bolniki z RA, AS in PsA, ki se zdravijo z vsemi dostopnimi TNFi (t.j., 
adalimumabom, certolizumabom, etanerceptom, golimumabom in infliksimabom), po 
opravljenem dvostopenjskem presejanju latentne TB.  
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Outline of the thesis 
Introduction 
In the past two decades, biological disease modifying antirheumatic drugs (bDMARDs) 
have significantly changed the outcomes for patients with various chronic inflammatory 
rheumatic diseases. Carefully planned and executed randomized placebo controlled 
double-blind clinical trials (RCTs) have proven the short-term, usually up to 2 years, 
efficacy and safety of these drugs. The internal validity RCTs is robust, but their external 
validity may not always be optimal. Due to the strict inclusion and exclusion criteria for 
RCTs in rheumatoid arthritis (RA), less than 10% of the RA patients treated in daily 
clinical practice could be enrolled into these RCTs [1]. The other major drawback of RCTs 
is their limited duration that might result in missing rare adverse events. Thus, RCTs leave 
numerous questions regarding the long-term safety and effectiveness of bDMARDs in 
patients that we treat in routine clinical practice unanswered.  
Longitudinal observational studies have been set up to monitor long term safety and 
effectiveness of bDMARDs. By nature of their design, these studies are subject to irregular 
follow-up time points, missing data and biases, often making the data analysis, and the 
interpretation of the results challenging.  
BioRx.si registry, that we have established in 2008, is one such longitudinal observational 
study that enables retrospective analyses of prospectively collected effectiveness and safety 
data of patients with RA, ankylosing spondylitis (AS), and psoriatic arthritis (PsA) treated 
with bDMARDs. 
The purpose of this thesis was to demonstrate the usefulness of the BioRx.si registry to 
perform comparative effectiveness analyses and safety analyses. We formed two 
hypotheses pertaining to bDMARD effectiveness and one pertaining to their safety and 
tested them using the data from BioRx.si. 
Hypotheses and their justification 
1A. In patients with RA who failed treatment with first tumor necrosis factor inhibitor 
(TNFi) due to ineffectiveness or intolerance, the survival of the subsequent bDMARD 
depends on its mechanism of action.  
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TNFi are still the most commonly used first line bDMARDs in RA patients failing 
conventional synthetic DMARDs. Not all patients respond to TNFi, or the response is lost 
over time, or the drug must be discontinued due to adverse events. The EULAR 
recommendations for the treatment of RA in patients who failed the first TNFi due to 
either ineffectiveness or intolerance give no definite guidance on whether it is better to 
switching to an alternative TNFi or to a bDMARD with an alternative mode of action such 
as abatacept, rituximab, or tocilizumab (non-TNFi) [2]. While we have robust evidence 
from RCTs which suggest that both switching to another TNFi, abatacept, rituximab, and 
tocilizumab are efficacious and safe [3–7], there are no head-to-head RCTs comparing the 
strategies of switching to TNFi or non-TNFi. The meta-analyses of observational studies 
on cycling between different TNFis concluded that: (a) switching to another TNFi is 
clinically justified, (b) slightly better response is to be expected if the prior TNFi was 
stopped due to an adverse event, (c) while the probability of achieving a response as well 
as the average magnitude of response are lower with each subsequent TNFi [8,9]. There 
are a few observational studies that compared switching to TNFi and non-TNFi in patients 
failing TNFi that failed to provide a definite conclusion on the best strategy [10–16]. Our 
aim was to examine the retention of the second-line bDMARD in patients failing their first 
TNFi in our cohort of RA patients from BioRx.si 
1B. In patients RA, AS and PsA there is no difference in the persistence of one TNFi, i.e., 
golimumab, when compared to other TNFis.  
Golimumab is one of the several TNFis used to treat RA, AS and PsA. It has a comparable 
efficacy and safety to other TNFi (oTNFi) with the advantage of the longest dosing interval 
among the subcutaneously administered TNFis [17–21]. The retention rates after 
completing 5 years of follow-up in the open label extensions of the landmark trials, were 
about 60% of patients with RA, 72% with AS and 69% with PsA [22]. The persistence of 
golimumab in RA, AS and PsA in the real-world setting was lower than the retention in the 
open label extensions of the landmark trials [23–27]. Only one observational study 
included a comparator group of patients treated with oTNFis or other bDMARDs [27]. 
Notably, most of these observations came from the registries in high-income countries and 
may not be transferable to lower-income Central European countries like Slovenia due to 
differences in bDMARD accessibility, prescription restrictions and reimbursement [28]. 
The aims of our study were to assess the persistence of golimumab, and to compare it to 
Outline of the thesis 
25 
the persistence of oTNFis in patients with RA, AS and PsA in the Central European, 
European Union member state Slovenia.  
2. Two-step national screening for latent tuberculosis (TB) infection (LTBI) in patients 
with RA, AS and PsA treated with TNFis, which in the first step includes medical history, 
tuberculin skin test (TST), chest X-ray and, in the event of pathological findings in the first 
step, of the examination at a pulmonologist, who, if necessary, orders additional tests and 
prescribes TB chemoprophylaxis, ensures a comparably low incidence of infection with 
Mycobacterium tuberculosis in this group of patients, as is described in the available 
literature. 
TNFis commonly used to treat RA, AS and PsA increase the risk of TB, especially in 
patients with a pre-existing LTBI in both the real-world setting and RCTs [29,30]. This 
risk can be mitigated, but not avoided, by screening the patients for LTBI and initiating TB 
chemoprophylaxis when needed before starting a TNFi [31]. 
A recent meta-analysis of RCTs in various diseases has shown that TNFi doubled the 
chance of TB [30]. The short duration of the RCTs may lead to an underestimation of TB 
incidence rates (IRs), hence most data on the subject came from the real-world 
observational studies and open label extensions (OLEs) of the RCTs. After the recognition 
of the importance of LTBI screening and TB chemoprophylaxis, the TB IRs vary from 15 
to 780 per 100,000 person-years (PY), which is 12–35 times higher than in the respective 
general populations and 2–29 times higher than in the respective bDMARD-naïve patients 
[32–40]. Most of the data come from RA cohorts, mostly on infliximab, adalimumab and 
etanercept. The data on golimumab and certolizumab are scarce [41,42]. Other factors that 
may influence TB IR make the generalizability of the results difficult. It is appreciated that 
the TB IR is higher in TB endemic areas, but also in bDMARD-naïve RA patients, and 
when TNFis are combined with conventional synthetic DMARDs [43]. Most of the studies 
were unable to ascertain the details of the implementation of LTBI screening protocols and 
TB chemoprophylaxis. The LTBI screening protocol and chemoprophylaxis 
recommendations differ and may impact TB IR. Common screening protocols include the 
TB exposure history, tuberculin skin test (TST) or interferon-γ release assays (IGRA), and 
chest X-ray (CXR).  
With the availability of IGRA, for example, Quantiferon TB Gold in a tube (QTB), the 
much cheaper TST, has fallen out of favor due to difficulties with the availability of 
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Bacillus Calmette–Guérin (BCG), because the patients have to return to the clinic for 
evaluation, problems with interpretation, especially in BCG-vaccinated populations, and 
due to its high sensitivity, which may lead to the overprescription of TB 
chemoprophylaxis. A recent meta-analysis of studies comparing the performance of TST 
versus IGRA found the methods comparably effective [44]. Another recent report also 
suggested that the TST was more cost-effective than QTB in screening for LTBI, at the 
expense of a 20% increase in TB chemoprophylaxis [45]. 
The epidemiological impact of TNFi on the IR of TB in Slovenia has thus far not been 
studied. Our aim was to determine the IR of TB among patients with RA, AS and PsA 
treated with all commercially available TNFis (adalimumab, certolizumab, etanercept, 
golimumab and infliximab) following a uniform LTBI screening protocol.  
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Poglavje 1 / Chapter 1 
Retention of the second-line biologic disease-modifying antirheumatic drugs in 
patients with rheumatoid arthritis failing one tumor necrosis factor alpha inhibitor: 
data from the BioRx.si registry 
Preživetje drugega biološkega zdravila, ki spremeni potek revmatske bolezni pri bolnikih z 
revmatoidnim artritisom, po prekinitvi zdravljenja s prvim zaviralcem dejavnika tumorske 
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Povzetek 
Cilji: Preučiti preživetje drugega biološkega zdravila, ki spremeni potek revmatske bolezni 
(bDMARD) pri bolnikih z revmatoidnim artritisom, pri katerih je prišlo do odpovedi 
prvega zaviralca dejavnika tumorske nekroze (TNFi). 
Metode: Podatke smo zajeli iz slovenskega registra (BioRx.si) 15.12.2012. Primerjali smo 
izhodiščne lastnosti bolnikov, ki so prejeli drug TNFi ali ne-TNFi. Z binarno logistično 
regresijo smo izluščili možne dejavnike pristranosti. Primerjali smo preživetje drugega 
TNFi in ne-TNFi z metodo po Kaplan Meierju ter s surovo in z inverzno verjetnostjo 
obteženo (angl. inverse probability weighting) Coxovo metodo razmerja tveganj. 
Rezultati: 238/688 bolnikov, ki so kot prvi bDMARD prejeli TNFi, so prejeli drug 
bDMARD: 130 drug TNFi in 108 rituksimab (31.5%) ali tocilizumab (68.5%) (ne-TNFi). 
Možna dejavnika pristranosti sta bila aktivnost bolezni pred začetkom zdravljenja z drugim 
bDMARD in prekinitev zdravljenja s prvim TNFi zaradi izostanka ali izgube učinkovitosti. 
Izgleda, da je zdravljenje z ne-TNFi povezano s statistično pomembno prednostjo pred 
zdravljenjem z drugim TNFi (test Log rank, p=0.000). Prednost se je ohranila tudi po 
analizi, ki je upoštevala učinke potencialnih dejavnikov pristranosti v z inverznimi 
verjetnostmi obteženemu Cox-ovemu modelu (HR 4.39; 95% CI 2.62–8.01, p <0.001).  
Zaključki: Po odpovedi prvega TNFi bo drug TNFi odpovedal prej kot ne-TNFi. 
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Poglavje 2 / Chapter 2 
The persistence of golimumab compared to other tumour necrosis factor-α inhibitors 
in daily clinical practice for the treatment of rheumatoid arthritis, ankylosing 
spondylitis, and psoriatic arthritis: observations from the Slovenian nation-wide 
longitudinal registry of patients treated with biologic disease modifying 
antirheumatic drugs – BioRx.si 
Primerjava preživetja golimumaba z drugimi zaviralci dejavnika tumorske nekroze α v 
klinični praksi med zdravljenjem revmatoidnega artritisa, ankilozirajočega spondilitisa in 
psoriatičnega artritisa: opažanja v slovenskem nacionalnem longitudinalnem registru 
bolnikov zdravljenih z biološkimi zdravili, ki spremenijo potek revmatskih bolezni – 
BioRx.si 
Žiga Rotar1, Matija Tomšič1,2, Sonja Praprotnik1 v imenu slovenskih revmatologov 
 
1Department of Rheumatology, University Medical Centre Ljubljana, Ljubljana, Slovenia 








Keywords: biologic agents, rheumatoid arthritis, ankylosing spondylitis, psoriatic arthritis 
Clin Rheumatol. 2019;38(2):297–305.  
doi:10.1007/s10067-018-4324-7 z dovoljenjem/with permission. 
Podpisani Žiga Rotar izjavljam, da tega članka soavtorji niso uporabili v svojih doktorskih 
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Povzetek 
Cilj: Oceniti preživetje golimumaba in drugi zaviralcev dejavnika tumorske nekroze 
(TNFi) pri bolnikih z revmatoidnim artritisom (RA), ankilozirajočim spondilitisom (AS) in 
psoriatičnim artritisom (PsA) v Sloveniji. 
Metode: Preučili smo prospektivno zbrane podatke v obveznem nacionalnem registru 
BioRx.si med 01.01.2010 in 31.07.2018 o vseh bolnikih, zdravljenih z golimumabom ali 
katerim od ostalih TNFi (oTNFi). Preživetje smo ocenili po uporabljenem zdravilu, 
indikaciji in predhodni izpostavljenosti zdravilom, ki spremenijo potek revmatskih bolezni 
(bDMARD) z uporabo metod po Kaplan-Meierju in Coxu. Pri slednji smo upoštevali 
znane dejavnike pristranosti. Dodatno smo ocenili učinkovitost zdravljenja po enem letu. 
Rezultati: Opazovanje je trajalo 7 let. 24 slovenskih revmatologov iz 8 centrov je 
prispevalo podatke za 368 bolnikov, ki so bili golimumabu izpostavljeni 849 bolnik let 
(BL), in 1.654 bolnikov, ki so bili ostalim TNFi izpostavljeni 3.321 BL. Dve leti od 
začetka zdravljenja se deleži bolnikov, ki so še prejemali golimumab ali oTNFi, niso 
bistveno razlikovali: pri RA 53% proti 47%, pri AS 67% proti 65% in pri PsA 59% proti 
59%. Surova in prilagojena razmerja tveganj za prekinitev zdravljenja z golimumabom se 
niso pomembno razlikovala med za bDMARD-naivnimi in -izkušenimi bolniki ne glede na 
indikacijo. Nasprotno pa so oTNFi pri za bDMARD-izkušenih bolnikih z AS in PsA 
pomembno zvečali tveganje za prekinitev zdravljenja. 
Zaključek: Preživetje golimumaba pri bolnikih z RA, AS in PsA v Sloveniji je bilo 
primerljivo z njegovim preživetjem v bogatejših zahodno evropskih državah. Opazili smo 
tudi, da je bilo pri za bDMARD-izkušenih bolnikih z AS in PsA, preživetje za golimumab 
boljše od preživetja oTNFi. 
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Poglavje 3 / Chapter 3 
Tuberculosis among Patients Treated with TNF-inhibitors for Rheumatoid Arthritis, 
Ankylosing Spondylitis and Psoriatic Arthritis in Slovenia: a cohort study 
Tuberkuloza pri bolnikih zdravljenih z dejavniki tumorske nekroze zaradi revmatoidnega 
artritisa, ankilozirajočega spondilitisa in psoriatičnega artritisa v Sloveniji: kohortna 
raziskava 
 
Žiga Rotar1,2, Petra Svetina3, Matija Tomšič1,2, Alojzija Hočevar1,2, Sonja Praprotnik1,2 
 
1Department of Rheumatology, University Medical Centre Ljubljana, Ljubljana, Slovenia 
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BMJ Open. 2020;10(2):e034356. Published 2020 Feb 5.  
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Povzetek 
Cilji: Oceniti tveganje za tuberkulozo (TB) pri bolnikih z revmatoidnim artritisom (RA), 
ankilozirajočim spondilitisom (AS) in psoriatičnim artritisom (PsA), zdravljenih s katerim 
od dostopnih zaviralcev dejavnika tumorske nekroze (TNFi) v Sloveniji.  
Zasnova: kohorta, register (biorx.si) v povezavi s slovenskim nacionalnim registrom 
tuberkuloze. 
Pogoji: celotna država, vključeni so bili vsi slovenski revmatološki centri (6 sekundarnih, 
in 2 sekundarna/terciarna) 
Preiskovanci: 2.429 bolnikov z RA, AS, ali PsA, ki so bili izpostavljeni vsaj 1 TNFi 
Primarni in sekundarni izidi: Primarni izidi so bile po starosti in spolu standardizirane 
pojavnostne stopnje (IR) TB in standardizirana IR (SIR) v primerjavi s splošno populacijo, 
upoštevaje različna okna izpostavljenosti TNFi. Sekundarni izid je bil natančna opredelitev 
rezultatov nacionalnega presejalnega programa za latentno okužbo z M. tuberculosis in 
uporabe kemoprofilakse TB. 
Rezultati: Med 2.429 bolniki, izpostavljenimi vsaj enemu TNFi, skupno 10.445 (49% RA, 
33% AS, and 18% PsA) bolnik let (BL), jih je 99% zaključilo presejanje za latentno 
okužbo z M. tuberculosis, 6% jih je prejelo kemoprofilakso TB. 6 bolnikov z RA (3 
adalimumab, 3 certolizumab), 2 s PsA (2 golimumab), in 0 z AS je zbolelo s TB. 5/8 je 
imelo miliarno TB, 3/8 pljučno TB, 2 bolnika sta umrla. Po starosti in spolu 
standardizirane TB IR (95% CI) na 100.000 BL/SIR (95% CI) v primerjavi s splošno 
slovensko populacijo za trenutno izpostavljenost TNFi so bile za celotno kohorto 52 (0–
110)/6,7 (0,6–80), za RA 47 (0–110)/6,1 (0,3–105) in za PsA 45 (0–109)/5,8 (0,3–112). 
Zaključki: TB IR pri slovenskih bolnikih z RA, AS in PsA, zdravljenih s TNFi, je bila 
primerljiva s TB IR v za TB ne-endemskih državah, čeprav je kemoprofilakso TB prejela 
manj kot desetina bolnikov.  
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Date of birth E  
Sex E  
Education level E  
Work status E  
Marital status E  
Rheumatologist E X 
Institution E X 
Height E  
Weight E X 
History of comorbidities (structured list including, but not 
limited to: arterial hypertension, diabetes mellitus, asthma, 
COPD, ischemic heart disease, chronic heart failure, thyroid 
disease, chronic kidney disease, chronic liver disease, 
history of hepatitis B or C, allergies (can record a list), past 
malignancies (can record a list – type of malignancy and 
year of diagnosis), neurological conditions (incl. 
demyelinating disease), history of tuberculosis, depression). 
E  
Surgical history (joint replacements) E  
Smoking history E  
Diagnosis E  
Date of diagnosis E  
Item level classification criteria (RA:1987 ACR, 2010 
ACR/EULAR; ax-SpA: ASAS ax-SpA and NY1984 
Ankylosing spondylitis criteria; PsA: ASAS Spondylarthritis 
criteria and CASPAR criteria) 
E  
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Anti-citrullinated peptide antibody concentration (only for 
rheumatoid arthritis) 
E  
Rheumatoid factor status (only for rheumatoid arthritis and 
psoriatic arthritis) 
E  
HLA B27 status (only for ankylosing spondylitis, psoriatic 
arthritis) 
E  
Latent tubreculosis screening (date of CXR, CXR findings, 
date of TST, TST result in mm, date of IGRA, IGRA result, 
IGRA type (currently only Quantiferon TB Gold (Plus)), 
date of pulmonologist examination, chemoprophylaxis 
prescription, pulmonologist’s comments) 
E  
Hepatitis B and C viruses (date of screening, results of 
screening tests, infectious disease specialist evaluation date, 
and decision of chemoprophylaxis) 
E  
Vaccination (type, date, comment) X X 
Prior csDMARD use E  
Prior csDMARD – reason for discontinuation E  
Prior glucocorticoid use E  
Prior tDMARD use E  
Prior tDMARD – reason for discontinuation E  
Concomitant DMARD use X X 
Concomitant DMARD dose X X 
Visit date  X 
Concomitant glucocorticoid use X X 
Concomitant glucocorticoid dose X X 
Concomitant medications, other X X 
Laboratory results (CRP, ESR, white blood cell count, 
hemoglobin, platelet count, aspartate and alanine 
aminotransferases, creatinine, albumin) 
X X 
Tender joint count 28 (each joint recorded individually) X X 
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Tender joint count 12 (ankle and metatarsophalangeal 
joints; each joint recorded individually) 
X X 
Swollen joint count 28 (each joint recorded individually) X X 
Swollen joint count 12 (ankle and metatarsophalangeal 
joints; each joint recorded individually) 
X X 
AS,: respiratory index, modified Schober test, lateral 
 flexion, and tragus-wall distance 
X X 
Patient global assessment X X 
Evaluator global assessment X X 
Pain assessment X X 
Item level Promis HAQ X X 
Calculated disease activity indices   
Rheumatioid arhtritis: DAS28CRP, DAS28ESR, SDAI, 
CDAI 
X X 
Ankylosing spondylitis and psoriatic arthritis: in case of 
 axial skeleton involvement BASDAI, BASFI, 
ASDAS-CRP,  ASDAS-ESR; in case of peripheral 
joint involvement  DAS28CRP, DAS28ESR, SDAI, 
CDAI); MASES enthesitis score 
X X 
tDMARD start date X  
tDMARD dose X X 
tDMARD dosing interval X X 
tDMARD stop date   
tDMARD reason to stop   
Treatment emergent adverse events (detailed, reported to the 
Slovenian national pharmacovigilance committee on-line) 
 X 
Date of death   
Death reason   
Legend: E, data collected at enrollment of the patient into biorx.si. X, data collected for 
each tDMARD treatment before starting the treatment and at each follow-up visit. 
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DMARD, disease modifying anti rheumatic drug. tDMARD, targeted DMARD (targeted 
synthetic and biologic DMARDs). csDMARD, conventional synthetic DMARD. HAQ – 
health assessment questionnaire. ASDAS, ankylosing spondylitis disease activity score. 
BASFI, Bath ankylosing spondylitis function index. BASDAI, Bath ankylosing spondylitis 
activity index. DAS28, rheumatoid arthritis disease activity score based on a 28-joint 
count, and ESR. CDAI, clinical disease activity index. SDAI, simplified disease activity 
index. ESR, erythrocyte sedimentation rate [mm in the first hour]. CRP, C-reactive protein. 
COPD, chronic obstructive pulmonary disease.  
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Pregled in sklepne misli 
Baze podatkov kot je BioRx.si, ki jim rečemo tudi registri, so vzpostavili v več državah. 
Omogočajo izvajanje longitudinalnih opazovalnih raziskav, ki imajo veliko uporabno 
vrednost za preučevanje raziskovalnih vprašanj na katera niso ali ne morejo odgovoriti 
randomizirane dvojno slepe s placebom nadzorovane klinične raziskave (RKR). 
Longitudinalne opazovalne raziskave imajo neomejen čas spremljanja in nimajo strogih 
vključitvenih in izključitvenih meril. Tako lahko odkrijejo tudi redke neželene učinke 
zdravil, ki so jih v časovno omejenih RKR spregledali, raziskati pa je mogoče tudi 
učinkovitost in varnost zdravil pri poskupinah bolnikov, ki so navadno izključeni iz RKR, 
npr. pri starostnikih, bolnikih, ki so preboleli raka in nosečnicah.  
Z opravljenimi raziskavami, smo prikazali uporabno vrednost prospektivno zbranih 
podatkov v nacionalnem multicentričnem obveznem registru BioRx.si za primerjalno 
vrednotenje učinkovitosti in varnosti bDMARD za zdravljenje RA, AS in PsA. 
Najprej smo pokazali, da je za bolnike, ki prekinejo zdravljenje s prvim TNFi pomembno 
kakšen je mehanizem delovanja naslednjega bDMARD. Preživetje drugega bDMARD je 
bilo pomembno daljše pri tistih, ki so prejeli zaviralec interlevkina-6 ali zaviralec CD20+ 
limfocitov B kot pri tistih, ki so prejeli drug TNFi. Nato smo prikazali, da ima vsaj v 
nekaterih pogojih golimumab, monoklonsko protitelo TNFi, daljše preživetje od ostalih 
TNFi, ob vsaj primerljivi učinkovitosti ocenjeni po letu zdravljenja. Pri bolnikih z AS in 
PsA je bilo preživetje golimumaba primerljivo ne glede na predhodno zdravljenje z 
bDMARD, pri tistih zdravljenih z ostalimi TNFi, pa je bilo preživetje tistih, ki so TNFi 
prejemali kot prvi bDMARD v primerjavi z ostalimi pomembno daljše. Nazadnje smo 
prvič v Sloveniji ocenili po starosti in spolu standardizirano pojavnost tuberkuloze pri 
bolnikih z RA, AS in PsA izpostavljenih TNFi. Pojavnost TB je majhna in v okviru 
pričakovanj glede na podatke iz držav s podobno pojavnostjo TB v splošni populaciji. 
Rezultati podpirajo ustreznost algoritma za presejanje latentne TB in kemoprofilakso TB, 
ki ga uporabljamo slovenski revmatologi. 
O vrednosti podatkov, zbranih v BioRx.si priča sodelovanje z ostalimi evropskimi registri. 
Povabljeni smo bili v raziskovalno skupino EULAR za registre in opazovalne raziskave 
zdravil (EULAR Study Group for Registers and Observational Drug Studies), poleg tega 
redno prispevamo podatke več skupinam evropskih registrov: CERRERA [17, 37], 
TOCERRA [7, 12, 21], JAK-pot, in EuroSpA [1, 2, 14], ki izvajajo analize skupnega 
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pomena na združenih anonimiziranih podatkih, ki jih ne bi mogli izvesti s podatki iz 
posameznih registrov. 
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Overview and general conclusions 
Databases like BioRx.si, often called registries, have been setup in many countries. They 
can be used to perform longitudinal observational studies that have shown great usefulness 
to explore research questions that could never be answered by the gold standard 
randomized placebo controlled double-blind clinical trials. The longitudinal observational 
studies include all patients we treat without the strict inclusion and exclusion criteria of 
RCTs and have no follow-up limit. Thus, rare adverse events, missed during the RCTs, as 
well as effectiveness and safety in subpopulations, e.g., the elderly, patients with history of 
cancer, or pregnant women, who are usually excluded from RCTs can be explored.  
We demonstrated the usefulness of the prospectively collected data on patients with RA, 
AS, and PsA treated with bDMARDs in the national multicenter mandatory registry 
BioRx.si to comparatively assess effectiveness and safety of bDMARDs. 
First, we showed that the mode of action of the subsequent bDMARD in RA patients 
failing their first TNFi matters. The patients switched to either an interleukin-6 inhibitor or 
a CD20+ B cell depleting agent had a significantly better drug retention, than those 
switched to another TNFi. Second, we demonstrated that, at least in certain circumstances, 
golimumab, a TNFi monoclonal antibody, may have a better persistence than other TNFi at 
at least equal effectiveness assessed after one year of treatment. We observed a similar 
persistence of golimumab in bDMARD-naïve and bDMARD-experienced AS and PsA 
patients, while the persistence of other TNFi in bDMARD-experienced patients was 
significantly reduced. Third, we estimated the age and sex standardized incidence rate of 
tuberculosis among RA, AS, and PsA patients exposed to TNFi in Slovenia for the first 
time. The tuberculosis incidence rate was low and well within the expected range if we 
consider countries with similar tuberculosis incidence rates in general population. The 
results also support the use of latent tuberculosis infection screening algorithm and 
tuberculosis chemoprophylaxis used by Slovenian rheumatologists.  
The international collaboration of BioRx.si with other European registries further supports 
the usefulness of the data collected in the BioRx.si. BioRx.si was invited to collaborate in 
the EULAR Study Group for Registers and Observational Drug Studies,[43] and we 
regularly contribute data to different collaborations of European registries: CERRERA [17, 
37], TOCERRA [7, 12, 21], JAK-pot, and EuroSpA [1, 2, 14] that to do analyses of 
common interest on anonymized pooled data, that could not be done in single registries.  
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